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O (54) Title: PLASTICS PIPE 

(57) Abstract: A plastics pipe which comprises an inner core and an outer removable skin layer bonded thereto, wherein the in- 
ner core and the outer removable skin layer comprise polymeric materials chosen to have matching Young's moduli, such that the 
Young's modulus of the skin layer is equal to or less than the Young's modulus of the inner core, and the adhesion of the skin layer to 
the inner core is sufficient to prevent substantial undesired relative movement between the skin layer and the core during installation, 
but insufficient to prevent the outer skin layer firom being cleanly removed by peeling, at least at the ends of the pipe, and insufficient 
to cause a substantial reduction in the impact strength of the inner core. 
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PLASTICS PIE>E 

This invention relates to plastic pipes and more 
particularly to a novel composite plastics pipe, a method 
for its manuf actuare , and a method, for making joioats in 
sTich a pip6. 

In the handlLing, installation and connect ±- on of 
plastics pipes, the pipe surface is easily damaged. In 
^^no-dig" plastics pipe install ation techniques , for 
example, a tunnel is bored in the ground for the pi-pe and 
the pipe is then pushed or pulled through the tunnel into 
an excavated hole where the nex^t pipe joint is to be 
made. Installation techniques such as pipe -bur stj_ng and 
slip lining can also place extreme stress on th« pipe 
surface - 

Other modem pipe laying methods can also siabject 
the pipe to substantial bending a-nd tensile forces, both 
of which can result in a deterioiration of the meclnanical 
strength of the pipe. In additdLon, the useful life of 
the pipe may be areduced by diffuisible materials in the 
g-round, or by environment coraditions, for example, 
exposure to direct sunlight for long periods . 

Of greatest concern, is thiat modern pipe laying 
methods can resul-t in the pipe becoming scratched and 
dirty. This is disadvantageous firstly as the pipe 
material may be notch sensitive, in which case any 
scratches may cause greater damage to occur in thte pipe 
during subsequent handling or use- Secondly, dirt and/or 
oxidation on the pipe surface pre^vent successful wslding. 
The main reason- for failure of joints using an 
electrofusion coupler is that the surface of the pipe is 
dirty or has become oxidised. For this reason, until 
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recently, the pipe ends always have hsd to be cleaned and 
scraE>ed before joirtting, for exampLe, with a hatxd or 
mechanical scraper. In practice, the cleaning and 

scra:E>ing is often -uneven (the -underside of the pipe in 
particular may be tr-eated less carefully) and the quality 
of tlie end result depends upon the purof essional skill of 
the installer. 

In recent years there have been proposals to provide 
the pipe with a non- adherent skin layer which ca.n be 
remo-ved in order to permit jointin^g. Composite pipe 
const inactions of this type are descrilbed, for example, in 
JP3-243 92, EP0474583, EP0604907, GB2323556, GB23 0O456, 
and WO93/00212. The entire disclosures of all these 
patents are incorporated herein by reference for all 
purposes . 

All of these E>rior art pipe c::onst ructions suffer 
from the disadvantage that modem piE^e laying techniques 
tend, to cause wrinkling, rucking, or- at least unde sired 
movernent of the non— adherent skin lawyer relative to the 
core when the pipe is pushed through, the ground • These 
proposals have therefore not E>roved commercdLally 
acceE)table . 

More traditional proposals, whterein a protective 
skin layer is provided which is strongly adherent to the 
pipe, do not, of couarse, overcome the problem of dirt: and 
oxidation on the outer surface, since such skin layers 
are very difficult to remove without elaborate equipment. 
The presence of a tightly adherent skin layer can also 
dramatically lower the impact strength of the plastics 
pipe . 

The first appreciation that the above problems could 
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be solved by using- a protective s3<in layer which i-S only 
lightly adherent to the core pipe occurs in GB22971.37 and 
GB22 97138, the entire disclosures of which are 
incoirporated herein by reference fcDr all purposes. 

In GB2297138^ for example, there is provided a 
plastics pipe which comprises an d-nner core and arx outer 
protective layer fc>onded thereto, in which the dimensions 
of the pipe and the protective 1-ayer are such tlrat the 
ratio of the external diameter of the pipe tzo the 
thickness of the protective la^er is at least 70, 
preferably at leas-t 100, and the cohesive strength of the 
outer protective ILayer, excluding any lines of weakness, 
at least at the ends of the pipe, is greater th.an the 
strength of the adhesive bond between the outer 
protective layer and the inner core. According to this 
specification, by <a correct choice of the material of the 
skin layer and the extrusion concaitions, it is possible 
to provide a levelL of adhesion which still permits clean 
removal of the skin layer by peeHing, whilst preventing 
rucking or wrinkling of the skin layer during 
installation and without suUostantially adversely 
affecting the mechanical properties of the pipe. 

The composite pipe of UK patents GB2297137 and 
GB2297138 has been commercially esetremely successfuil, but 
it has been fourxd that under specific conditions of 
tennperature and loading it is dif f icult to provide a skin 
layer which has both the requireca toughness and limited 
adhesion to the core pipe. Quality control of th.e base 
polymer material ot the skin layer, and control of the 
extrusion conditions during manoif acture, need to be 
rigorously maintaixied if undesirable quantities o£ scrap 
are to be avoided- This substantially increases both raw 
material and manufacturing costs. 
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It has now surprisingly been discoveared that a 
substantial improvement in the impact streixgth of the 
composite pipe can be obtiained by matchi_ng certain 
physical and mechanical paroperties of the polymeric 
materials of ttie core pipe artd the skin layer. 

In a first aspect, the invention provides a plastics 
pipe which comE^rises an inner core and an outer removable 
skin layer boncled thereto, 

wherein ttie inner core and the outer removable skin 
layer comprise polymeric materials chosen to have 
matching Youngs s moduli, suchL that the Young's modulus of 
the skin layear is equal to or less than the Young's 
modulus of the inner core, 

and the acShesion of the skin layer to the inner core 
is sufficient to prevent sulostantial undesired relative 
movement between the skin layer and the oore during 
installation, tout insufficient to prevent the outer skin 
layer from being cleanly removed by peeling, at least at 
the ends of the pipe, ancd insufficient to cause a 
substantial recSuction in the impact strength o f the inner 
core- 

In a further aspect, the invention provides a method 
for the production of a plastics pipe comprising an inner 
core and an ouiter removable skin layer bonded thereto, 
the inner corre and the outer removable skin layer 
comprising pol-ymeric materials chosen to have matched 
Young's moduli, such that the Young's modulus of the skin 
layer is equal to or less than the Young's modoilus of the 
inner core, wtaich method comprises co-ext rucking molten 
polymeric materrials forming the inner core ancfl the outer 
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removable skin layer from one or more extrxider dies, 
bringing the molten polymeric materials together and 
allowing them to cool, such that, on cooling, the 
adhesion of the skin layer to the inner core is 
sufficient to prevent svobstantial undes ired relative 
movement between the skin layer and the core during 
installation of the pipe, tDut insufficient to prevent the 
skin layer from being cleanly removed b;^ peeling, at 
least at tine ends of the pipe, and insufficient to cause 
a svibstantial reduction ixi the impact st ^rength of the 
inner core. 

In another aspect the invention provides a method of 
making a joint to a plasties pipe according to the first 
aspect of the invention, our of joining two such plastics 
pipes, which comprises peeling the skin Layer from the 
region or aregions of the pipe to be joineca, to expose a 
clean surface suitable for electrofusiLon jointing, 
installing an electrofusion coupler over the clean 
surface or surfaces of the pipe or pipes and activating 
the electrof usion coupler to fuse the region or regions 
of the pipe or pipes thereto- 

By ^^undesired relative movement'' in this 
specif icati.on is meant movement or de-bondixig of the skin 
layer relative to the core during directional drilling, 
pipe burst dng, slip lining, or other conventional pipe 
installation procedures. 

By selecting the polymeric materials of the inner 
core and the skin layer on the basis of matching their 
Young's moduli, we have found that it is possible to 
improve greatly the consd-stency of the ^resultant pipe 
without sacrificing quality and performance. Thus the 
properties of the material- of the skin layer no longer 
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have to be a compromise between conflict ixig requirements- 

By ^'matching Yoiong's moduli" i.n the presen-t 
specification is meant that the Young' s moduli of th-e 
skin layer and the inner core are sufficiently clos e 
numerically that the composite pipe essentially behaveis 
as a single body under impact. Where the Young's modulu-S 
of the skin layer is less than the Young*^ s modulus of th-e 
inner core, preferably the moduli of the inner core an_d 
the skin layer do not differ by more than 300 MPa, mo3r*e 
preferalDly by not more than 150 MPa, andL most pref erabl y 
by not more than 50 MPa, when measured, for example, l>y 
the method of DIN 53 45*7 - Z. Ideally the Young's modu.1 i 
of the inner core and time skin layer should be identical , 
or nearly so. 

Preferably the Young' s modulus (in NQPa) of the inne r 
core is at least 900, more preferably within the rangre 
from 95 0 to 1350, most preferably within the range lOO 0 
to 1250 . Preferably the Young's modulus of the skin layer 
(in MPa) is at least 800, more preferrably within th-e 
range 8 00 to 1350, and most preferably -within the range 
950 to 1250, when measuared, for example, by the method of 
DIN 53 -457 - Z. 

The strength of tine adhesive bond loetween the ski n 
layer and the inner core is preferably at least 0.1 N/mra., 
more preferably at lea.st 0.2 N/mm, whe^a measured by a 
rolling drum peel test as described in -gVppendix 1. The 
adhesive bond between the skin layer and the inner cor e 
is preferably less than 2.0 N/mm/ more preferably less 
than 1-5 N/mm. Very good results hav^e been achieve <i 
using an adhesion between the skin lay&r and the inne t 
core w±thin the range of from 0.3 to 1.5 N/mm, whem 
measured by the sibove-ncientioned rolling drum peel test . 
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Without wishing to be bound to any particular theo3ry, it 
is believed that the adhesion between the high molecular 
weight polymers o£ the skin layer and the core is as a 
result of Van dear Waals and/or diffusive bondin_g, or 
similar forces. The adhesive pro^perties of the inner 
bonding layer could be modified, for example, l>y the 
addition of an adhesion modifying agent such as a 
glycerol ester, a.s described in co-pending UK E>atent 
application no. (Agent's reference DP071963GB) . 

It is likely that any adhesion between the skin 
layer and the inner core will have some effect upon the 
impact strength of the plastics pipe, and i.t is 
presumably for thiis reason that prior art proE)Osals 
(other than GB229yi37 and GB229713 8) have always sought 
to avoid adhesion between the skin layer and the core. 
Ne-vertheless, it lias been found that by matching the 
Young's moduli of the inner core and the skin layer and 
envploying limited adhesion, as discxissed above, theire can. 
be produced a comEDOsite plastics E^ipe having sufficient 
itrvpact strength to meet the require inents of all available 
standards . 

Preferably the polymeric materials of the innearr core 
and the skin layer are matched such that the impact 
strength of the cornposite plastics pipe is at least 50%, 
preferably at least 75%, more preferably at least &0% of 
the impact strength of the inner core without the skin 
layer - 

The inner core and the skin Layer of the composite 
plastics pipe of the present invenLtion can comprise any 
suitable thermopla-stic polymeric materials, consistent 
with the matching of their physical and mechanical 
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properties. Suitable polymeric materials include, for 
example, olef inically-xinsatsurated polymers and co- 
polymers, for example, polyolefins such as polyethylene, 
polypropylene, polybutene arxd polybutylene; ethylene and 
propylene co-polymers, for example, ethylene -vinyl 
acetate polyroers, and propy^lene- vinyl acetatze polymers; 
halogenated- -vinyl polymers such as viny^l chloride 
polymers anci co-polymers; polyamides, for example, nylon 
6, nylon 11 and nylon 66; polycarbonates; ABS polymers 
and ionomer polymers such as Surlyn (RTM) . 

The inner core of the pipe comprises a polymeric 
material chosen to be compatible with the particular 
application, and in partiGula.r with the fluid, material to 
be conveyeca. by the pipe - For many applications 

polyethylene is the prefer-red material foar the inner 
core. The grade of polyethylene chosen, that is to say, 
high density", medium density^, low density, onr linear low 
density, wilLl depend upon the particular application. 
Suitable grades of polyethylene for pressure pipe, 
applications preferably meet the requirements of at least 
one of prEJN 12201-1 (except clause 4.2 .1 and the 
associated pigment or carbon black rec[uireraen-ts if the PE 
material is unpigmented) , p2rEN12201-2 (except clause 5.2 
and the associated pigment or carbon black requirements 
if the PE material is unpd_gmented) , prEN1555-l (except 
clause 4,2.2 and the associated pigment or oarbon black 
requirements if the PE material is unpigmented) and 
prEN1555-2 C except clause 5.2 and the associated pigment 
or carbon Dolack requirements if the PE material is 
unpigmented) • 

Any suitable equivalent grade of polyethylene may, 
of course, also be used. 
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Preferably ttxe inner core, where polyethylene is 
chosen, has an imp>act strength of at least 3 00 joules, 
more preferably at least 400 joules and most preferably 
at ILeast 500 joules, when measureca. using the metlraod of 
EN14H:1996 at a temperature of -10°C using a 90mm 
diataeter tup for impacting the pipe. 

The skin laye^r is formed from, a polymeric ma^terial 
or a. blend of polymeric materia-ls having a Young's 
modulus matching that of the ixmer core. Pre if erred 
polymeric materials for the skin la^er comprise proi>ylene 
homo- and co-polymers, propylene t>lock co-polymers, and 
propylene random co -polymers, 

Preferably thte skin layer h.as a notched C^harpy 
impact strength of at least 1 kJ/m^, more preferafaly at 
least 2 kJ/m^ and most preferably at least 4 kJ/m^^ when 
measTired using the method of ISO 17S/16A at a tempezrature 
of -20°C. 

A particularly preferred plastics pipe accord^-ng to 
the present invention comprises an inner coire of 
polyethylene and a. skin layer of a propylene blocnk co- 
polymer having matched Young's moduLi, 

Preferably the impact strength of a 90 mm oiatside 
diam.eter plastics pipe having a polyethylene inneirr core 
and a polypropylerxe skin layer with an SDR of 17^ . 0 is 
greater than 300 joules when measured using the metlaod of 
EN14 11:1996 at a temperature of -10°C using a 90mm 
diataeter tup for impacting the pipe. 

An advantage of the plastics pipes of the pnresent 
invention is that the normal UV stabiliser and coZLorant 
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package need not be included in the plastics material of 
the inneir core, provided that sufficient quantities of 
these materials are included in the skin layer. This 
enables the inner core to comprise a natrural polymeric 
material, free or sxibstantially free from additives which 
add to the cost of the core material and which, in 
certain circumstances, may impair the mechanical or 
physical properties of the core material. Alternatively, 
stabilisers can be includec3 in the core material, but the 
outer protective skin layer can be colourred to indicate 
the fluid iDeing transport edL within the pipe . 

Suitable stabiliser or ultra-violet blocking 
additives include, for exaittple, titanium cdioxide, carbon 
black, ancd other fillers- Whilst carbonn black is an 
excellent UV stabiliser and reinforcing filler, buried 
pipes are frequently colo-ur coded and its use in the 
outer protective layer is therefore not possible for many 
applications. Titanium dioxide is, therefore, the 

preferred filler and UV stabiliser since this is also 
compatible with many colorant packages. Other filler 
materials such as chalk and talc, may also be used. The 
preferred filler particle size is dependent on the filler 
being useci, but for titanium dioxide, fonr example, the 
average particle size rang-e is preferable from 0.003 to 
0.025 microns. 

The skin layer and tine inner core can, of course, 
each compr-ise more than one layer of polymeric material, 
although in practice this is not usually necessary. 

The relative thickness of the skin layer and the 
dimensions of the pipe have also been founca to affect the 
impact resistance of the pipe. This is d-iscussed in GB 
2297138. Preferably the skin layer has a thickness of 
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greater than 0,1 mm, more preferrably greater than 0.2 mm^ 
and most pref erafc>ly within the orange of from abovat 0 . 3 mm 
to 2.0 mm. 

The dimensions of the pipe and the protective layer 
are preferably such that the ratio of the external 
diameter of the E)ipe to the thickness of the sKin layer 
is at least 70, more prefera-bly at least lOO, most 
preferably in the range 150 to SOO. From this it can be 
seen that it is p>ossible to use a thicker skin layer on a 
pipe of greater d.iameter. 

When stripping the skin layer from the pipe, it is 
important that no residue or holidays should b& left on 
the pipe surface that could interfere vrith the 
electrofusion j ointing process. Thus conventional 
aidhesives and skin layers that are prone to tearing vor 
fragmentation should be avoided. In. general the force 
r-equired to ruptu.re the skin layer should be greater than 
the force required to peel the skin layer from the inner 
core. 

By "a clean surfiace" in this specification is meant a 
pipe surface that can be subjected to electzrofusion 
jointing without further preparation or treatmen.t . Such 
surfaces should meet the requirements of one or more of 
pr EN12201 part 3 , pr EN1555 part 3 and WIS 04-32 -14. 

The composite pl&stics pipe of the present invention is 
preferably produced by co-extrusion, wherein the 
polymeric materia. Is are brought together in the pressure 
area of the die and exit as a single extrudate. For 
example, the die may be connectied to one, two, or more 
extruders and fed with separate streams molten 
TTiaterial. Alternatively, the dd.e may be provided with 
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concentric die outlets fed with separate streams of 
molten polymeric materials which ar« to form the ixxner 
core and the skin layer. In this case, the extruda.tes, 
on leaving the extrucier die outlets ^ can be brought into 
contact with each other in a sizing die wliich 
simultaneously adjusts the outer diaiaeter of the pipe. 

In a further alternative, the inner core extrudate ma:y be 
passed through a sizing die before applying the skin 
layer. In this case it may be necessaary to re-heafc or 
flame-brush the surface of the inner core extrudate to 
create a surface rready to receive the skin lawyer. 
Becauise of the difficulty of maintaining a consis-tent 
adhesion between the inner core and the skin layer, "this 
method is not presently preferred. 

The invention is illxxstrated by the f ollowing Example : 

EXAMPLE 

A polyethylene core pipe of nomioaal outer diametesr 
90mm was co- extruded with a propylene random copolymexr 
skin layer. The experiment was repeated replacing thes 
propylene random copolymer with a proi)ylene block 
copolymer. 

Skin adhesion was measured using a rolling drum j>eel 
test as described in Appendix 1. 

The skin layers of the resultant pipes could be 
peeled readily using a simple hand tool, exposing a cX ean 
surface of the core i>ipe. Electrofusion jointing tests 
gave very good results in conformance with prEN12201 p>art 
3, parEN1555 part 3 artd WIS 04-32-14. 
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The impact strength of the pipes was -measured at - 
lO^C, withi and without the skin layer, using the method of 
EN 1411:1996. In further experiments the pipes were 
notched at 90^ to the point of impact prioar to testing to 
simulate service condition.s. The results ^re given in 
Table 1. 



TTABLE 1 



PIPE 


1 


2 


0(MM) -SDR 


90-17 


90-17 


CORE resin 


Polyethylene 


Polyethylene 


Young' s 
modulus ME=»a 


1150 


1150 


SKIN resin 


Propylene 

random 

copolymer 


Propylene 

block 

copolymer 


Thickness 
(mm) 


0.5-1.0 


0.67 


Young' s 
modulus ME>a 


900 


1100 


SKIN i^HESION 






Min (N/mtn) 


0.3 


1. 08 


Mean (N/mtn) 




1.55 


Max (N/tnm) 


0.8 


1.96 


IMPACT at - 
10°C 






Un -Notched. 
(J) 


103-324 


>588 


No skin, lin- 
net ched («J) 


487-588 




Notched to 
0 . 2mm deptli 
(J) 


103 


333* 


No Skin, 


387 
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aniotched (J) I 



'*Passed if the skin breaks but ttae core remains intact. 

The results show that by matching the Young- 's moduli 
of a propylene copolymer skin lay^er to a polyeth.ylene 
oore, the impact strength of the pipe can be tnad-e 
comparable to a similar pipe withLOUt a skin layer, whilst 
the peelability of the pipe is retained. 
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APPEMDIX 1 

DETERMINATION OF THE ADHESIONT STRENGTH OF PIPE SKIN - CORE PEEL 
Appara-btts 

A tensile testing machine accurate to grade A of BS5214 : 
Part 1: 19 75 or grade 1 of BS1610 : Part ZL : 1985, for 
example, a Lloyds tensile test machine, using a lOON 
load cell. 

Te3t Specimens 

Two test pieces are cut one from each end of the sample 
pipe, 25mm +/- 2iran wide, the two sample rings of pipe are 
trimmed around the circumference to remov^e the jagged 
edge. The pipe is marked along top dead centre (TDC) of 
the extrusi_on line (if known) . 

The two ring specimens aare marked with an indelible 
marker at quarterly points around the circumference 
beginning at TDC (if known),, as illustrated in figure 1. 

Procedure 



SUBSTITUTE SHEET (RULE 26) 
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Cut through the skin along mark at TDC & prise edge odp 
skin from pipe, peel skin off to 30 - 40nm length, feecd 
peeled skin through the jig as shown & clamp in uppear 
jaws . 

Mount the tes.t piece in tzhe jig as shown in Figures 2 and 
2a. 

The skin is then peeled from the pipe at a separatioix 
rate of lOOirati/min and a trace recorded of load versus 
time. 

The average value of the load required "to peel the skin 
sample is calculated (Newtons) , and divzlded by the true 
width of the peel sampie to obtain "the test result 
(Newtons /millimetre) . 

The average of the 10 peak load valuies recorded is 
calculated (Newtons) , anci divided by th^ true width of 
the peel sample to obtain the test result 
(Newtons /millimetre) . 



SUBSTITUTE SHEET (RULE 26) 
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The reader's attention is diacected to all papers and 
documents which arre filed concurnrently with or previous 
to this specification in connection with this application 
and which are open to public inspection wd_th this 
specification, anci the contents of all such papers and 
documents are incorporated herein by reference. 

All of the features disclose^d in this specif icat ion 
(including any accompanying claims, abstract and 
dr-awings) , and/or all of the s-teps of any method or 
process so disclosed, may be combined in any ccnit>ination, 
except combinations where at least: some of such features 
and/or steps are m.-utually exclusiv^e. 

Each feature disclosed a_n this specdLf ication 
(±ncluding any accompanying olaims, abstract and 
drawings) , may loe replaced by- alternative features 
serving the same, equivalent, or similar purpose, unless 
expressly stated otherwise. Thus, unless expressly 
stated otherwise, each feature disclosed is one example 
only of a generic series of equivalent or similar 
features. 

The invention is not restricted to the deiiails of . 
any foregoing embodiments. The invention extends to any 
no^el one, or any novel combination, of the features 
disclosed in this specif ica-tion (includixig any 
accompanying claims, abstract anca drawings) , or to any 
no-vel one, or any novel combination, of the steps of any 
method or process so disclosed. 



wo 2004/016421 



PCT/GB2003/003614 



18 

CLAIMS 

1. A plastics pipe which comprises an inner core and a^n 
outer removable skin layer bonded thereto, wherein 

the inner core and the outer removable skin laye r 
comprise polymeric materials chosen tuo have matchin-g 
Young's -moduli/ such that: the Young's modulus of the skin 
layer is equal to or less than the Young- 's modulus of the 
inner coare, 

and the adhesion of the skin layer to the inner cor e 
is suffi-cient to prevents substantial uxidesired relative 
movement between the slcin layer and the core during 
installation , but insufficient to prevent the outer skizn 
layer fr^om being cleanly removed by peelLing, at least a-t 
the ends of the pipe, and insuf f ici.ent to cause -a 
substantial reduction in the impact streongth of the innezr 
core. 

2. A E>lastics pipe according to claim 1, wherein, whe» 
the YotiTLg's modulus of the skin layer is less than the 
Young's modulus of the inner core, thte moduli of the 
inner corre and the skin iayer do not di£fer by more thaia 
ISOMPa, when measured by the method of DUN 53 457 - Z. 

3. A E>lastics pipe according to claito 1 or 2, whereirn 
the moduli of the inner core and the sJcin layer do not 
differ by more than SOMPa, when measured by the method o* 
DIN 53 457 - Z. 

4. A plastics pipe according to any one of the 
preceding claims, where±n the Young's modulus of the 
inner coare is within the orange from 950 to 1350MPa. 

5- A plastics pipe according to any one of the 
preceding claims, wherein, the Young's mociulus of the skir:i 
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layer is within the range froxn 800 to ISSOMPa- 

6. A plastics pipe according to claim 1, wherein the 
strength of tlae adhesive bond between the skin layer and 
the inner core is from 0. 3 N/mm to 1.5 N/wm, when 
measured by a rolling drum peel test as (described in 
Appendix 1 . 



7. A plastics pipe accordixig to claim 1 or 2, in which 
the strength of the adhesive bond between the skin layer 
and the inner core is such that the impact strength of 
the composite pipe is at least 75% of the impact strength 
of the inner oore without the skin layer. 

8. A plastzics pipe according to any one of the 
preceding claims, in which the inner cor-e comprises 
polyethylene. ... 



9. A plastics pipe according to any one of the 

preceding claims, wherein ti.he skin layer comprises a 

propylene homo-or co-polymer , or a propylen-e block co- 
polymer . 



10. A plastics pipe according to claim 9, wherein the 
skin layer comprises a propylene block co-polv™®^?- 

11. A plastics pipe according to any one of the 
preceding claims, in which the inner coxre comprises 
polyethylene and the skin layer comprises a i>ropylene co- 
polymer and wherein the impact strength of the pipe is 
greater than 300 joules, when measured using the method 
of EN1411:199 6 at a temperatuire of -10®C using a 90mm tup 
for impacting the pipe. 

12. A plastics pipe according to any one of the 



wo 2004/016421 PCT/GB2003/003614 

20 

preceding claims, wherein the skin layer has a thi-ckness 
within the range of from 0.3 mm to 2 .0 mm. 



13 . A plastics pipe according to any one of the 
preceding claims, wherein the ratio of the exiternal 
diameter of the pli>e to the thickness of the skin, layer 
is from 150 to 800 . 



14 . A plastics pipe substantia-lly as hereinibef ore 
described. 



A method for the production of a plastics pipe 
comprising an inner core and an outer removable skin 
layer bonded ther^eto, the inner core and the outer 
removable skin layer comprising polymeric materials 
chosen to have matched Young's moduli, such that the 
You-ng' s modulus of the skin layer is equal to orr less 
than the Young's modulus of the inner core, which method 
comprises co-ext rucking molten polymeric materials forming 
the inner core anc3 the outer remo-vable skin laye x from 
one or more extruder dies, bringing the molten pol-ymeric 
materials together and allowing them to cool, sucii that, 
on cooling, the ad-liesion of the skdn layer to the inner 
coxre is sufficient to prevent svibstantial uncSesired 
relative ..movement between the skiri. layer and the core 
during installation of the pipe, but insufficient to 
prevent the skin layer from being cleanly remo-^ed by 
peeling, at least at the ends of the pipe, and 
insufficient to cause a substantial reduction d.n the 
impact strength of the inner core. 



15- A method according to claim 14, wherei^n the 
polymeric material s of the inner core and the outer 
removable skin la.yer are extruded simultaneously and 
brought together whiilst still hot. 
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16. A method according to claim 14 or 15, substantially 
as described in the Example . 

17. A method of making a joint to a plastics pipe 
according to any one of claims 1 to 16, or- of joining two 
such plastics pipes, which comprises peeling the skin 
layer from the region or regions of the pipe to be 
joined, to expose a clean surface suitable for 
electrofusion jointing, installing an electrof usion 
coupler over the clean surface or surfaces of the pipe or 
pipes and. activating the electrof usion coupler to fuse 
the region or regions of thie pipe or pipes thereto. 
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